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Abstract

The more gringent NPDES Phase || Storm Water regulations of the US Environmenta Protection Agency
(EPA) Clean Water Act are set to take effect in March of 2003. This legidation will require a growing
number of municipdities, condruction and industrid dStes to develop, implement, and enforce sorm water
management programs to reduce the discharge of pollutants to the “maximum extent practicable’ to protect
water quaity. Compliance with these enhanced EPA policies will lead to an inevitable increase in the
development and use of sediment control measures and other storm water trestment Best Management
Practices (BMPs).

During the past few years a growing number of sediment control and storm waeter trestment devices have
entered the market. Unlike products or techniques designed only to limit or control eroson, these devices
are intended to help filter, capture and contain sediment trangport (the by-product of erosion) and other
pollutants that are generated and transported during and after congruction related activities. As with many
emerging technologies, confuson may develop as appropriate gpplications for specific products or families
of products are not yet clearly developed and/or sufficiently defined. This may result in end-users lacking
clear direction on the proper selection and/or use of these devices for specific gpplications.

This paper will propose a comprehensve and logica system to organize into classfications the growing
range of BMPs and techniques for specific prescribed functions or agpplications while integrating these
applications into the pre-condruction, congdruction and pogt-condruction phases of land digurbing, Ste
development activities. This classfication system is intended to assst planners, contractors, desgners, and
regulatory agencies s0 that they may have a better understanding of BMP sdlection based on application
needs for protecting the environment from the negative impacts of congruction and podt-construction storm
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water runoff. It is hoped tha these proposed classifications combined with increased field experience will
evolve into practica and cog-effective methods of BMP sdection for an increasingly diverse array of storm
water treatment measures and applications.

Background

With the gpplication deadline for Nationa Pollutant Discharge Elimination Sysem (NPDES) Phase I
Storm Water Permit coverage rapidly approaching storm water professonds, contractors, and end-users
will need a sysematic and logicd method for establishing techniques, management tools and dassfications
of Best Management Practices (BMPs) to be integrated into the congruction phase for storm water
management. The new requirements of Phase Il lower the threshold for permit coverage for congruction
activities from 5 acres to 1 acre.  In addition, regulations affecting municipdities and public entities with
Municipd Separate Storm Sewer Sysems (M$4s), within urbanized areas may aso result in additiona
local congtruction requirements.

Regulators have two primary concerns that will underlie sorm water requirements in the ste plan gpprova
processes. These are the control of water quantity and qudity both during and after the congtruction phase.
Water quantity outputs from sites will generdly be limited to pre-devdopment levels. Water qudity issues
will focus on the reduction of contaminants from the runoff prior to its discharge from the Ste.  Sediment
has been recognized by EPA and others as the most prevaent condtituent of concern for US receiving
waters. (Northcutt 1992 and Theisen 1991). It will be the focus of most of the BMPs discussed in this paper.
Other problematic condtituents include nutrients, metals, hydrocarbons and other organic compounds,
bacteria, and others, and each Ste must be analyzed to determine specific gpplication needs. Understanding
what types of gructurd BMPs are avalable and how they interact with one another will help provide
guidance in sdecting the right mix for a goecific gte.

A mgor condderation to be determined is how maintenance will be assured and performed over the long
run. Thus, planners need to think of BMP sdection as a revolving process of Ingdlation, Inspection,
Maintenance and Enforcement (IME). While this paper focuses on the selection aspects, decision maker
need to consder the latter three components to insure quality-based selections of appropriate BMPs. Many
techniques and technologies may involve lower upfront costs, but maintenance costs over time must be
factored into the equation.

In order to ensure that the maximum benefit is achieved planners will need to evaduate various BMPs in the
pre-congtruction, congtruction, and post-condruction phases to ensure their plans are gpproved in a timey
and cost-effective manner.

Phases of Construction
Pre-Construction

The pre-congruction phase will require a careful andysis of the specific Ste. The firg step will be to gan a
clear understanding of what storm water controls are required by State regulations, loca ordinances and ste
plan gpprova processes. Nearly dl will require controls during the construction phase to control sediment
and to limit runoff from the Ste in order to ensure minimum impacts on downstream recelving waters. The
primary congtruction concern will be sediment control and a wide range of both temporary and permanent
BMPs will be needed. Each application must be examined to determine Site specific needs for laying out
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the sequence of sdlecting both temporary and permanent BMP's.  This sequence is commonly referred to as
the “treatment train” and a clear understanding of al available optionsis critica for a successful Ste plan.

According to EPA’'s Prdiminay Data Summary of Urban Storm Water Best Management Practices an
urban sorm water BMP is a "technique, measure or dructura control that is used for a given st of
conditions to manage the quantity and improve the qudity of sorm water runoff in the most cost-effective
manner.” Many people only have a vague undersanding of the range of BMPs avalable, and with ongoing
research, new BMPs are congtantly emerging. In fact, the term 'Best Management Practices would be more
accurately phrased as’ Better Management Practices because what is‘best’” varies with each Situation

In devisng an effective organization of BMPs to assist planner and end users in the sdection process
several factors must be consdered. First, the proposed land use of a project must ke determined. These
possble uses include indudria, commercid, resdentid, and streets and highways. For each of these
various uses the specific gte application needs must be determined.  Condderation should be given to
whether the project is new or re-development. A detal review of receiving water concerns aong with an
andyss of the potentid pollutants of concern that might be generated on the dte and tha could have a
negative impact also needs to be completed prior to BMP sdlection.

Once a review of the land use and recelving water concerns is completed then a review of the appropriate
BMP options can be evduated. The wide range of BMP options can be organized into severd
classfications by determining what the BMP can accomplish. May are designed to control eroson and
contain sediment trangport.  This is paticularly important in the active condruction phase where dte
dabilization has not yet occurred. Other BMPs ded with controlling the quantity of run-off that will occur
as a result of both congruction activities and post-congtruction changes in flow that will occur as a result of
increased imperviousness on the completed ste.  Again, this will be factor of the intended land use.  Findly,
many BMPs ae utilized for treetment of run-off to reduce pollutants that are generated during the
congtruction and post-construction phases.

Many qudity and quantity issues can be resolved through efficient Ste designs tha incorporate practices
that prevent the trangport of water and pollutants from increesng as a result of deveopment. These
preventive measures can greetly reduce the need for reactive desgns and technologies that are needed to
contain water and remove pollutants of concern. It is, however, beyond the scope of this paper to anadyze
Better Ste Desgns.  Ingead the focus will be on the organization of structurd BMPs and rdated Storm
Water Treatment Devices (SWTDs). SWTDs are dructurd or non-structural BMPs that postively impact
Storm Water quaity before, during or after congtruction or congtruction related, land-disturbing activities.
SWTDs may be temporary or permanent depending upon their desired application or function.

Structurd BMPs can be divided into three primary types. These include Vegetaive Techniques and Open
Space Dedgns, Designed Structures, and Manufactured Technologies.  The following chart lays out a
proposed organization of BMPs based on type and Function.

Classification of Structural BMPs

Vegetative Techniques and Open Space Designs
: Congtructed Wetlands
Bio-retention Systems
Swaes



Filter Strips
Rain Gardens
Green Roofs

Structural Designs
. Porous Pavement

Bdow Surface Chamber Systems
Infiltration Basng/Trenches
Drywels
Detention Basins
Oversized Pipes
Retention Ponds (Wet Ponds)
Design-Sand Filters

Manufactured or “Proprietary” Devices

Hydrodynamic Separator Systems
Filtration Systems
» In-Line Fltration Sysems
» CachBadn Inserts— Long Term/Short Term
= Exterior Trestments
Storm Water Underground Storage Tarks
Fabricated Underground Piping Systems

A broad overview of various BMP types is provided below in the post-congtruction phase section to help
clarify the assessment and selection process for meeting construction and post- congtruction requirements

Active Construction

Sediment-Containment Systems

The role of sediment control systlems is to create conditions for sedimentation, dlowing for the settlement of
s0il paticles tha are held in suspenson. When soil-particle trangport mechanisms flow a dow rates,
particles may settle out of suspension. How deposition occurs may depend upon severd parameters.

Sediment-control  systems are generdly hydraulic controls that function by modifying the storm:runoff
hydrogrgoh and dowing water velocities This dlows for the depostion of suspended particles by gravity.
Some of the more common names for these Sructures are sediment basins, sediment ponds and sediment
traps. When designed correctly, sediment-containment systems should provide containment storage volume
aufficient to handle incoming waters, create uniform flow zones within the containment storage volume for
deposition of suspended particles and discharge water at a controlled rate.

When dl runoff waters are cgptured, efficiency of the contanment system is near 100%. However, the
feashility of reaning dl runoff waters from a condruction dte is usudly impossble snce lage
containment arees and volumes are required. In addition, evaporation and infiltration might not be
aufficient to dran the sysem before the next storm event occurs, which may cause flooding problems.
Findly, retaned waters may hamper mantenance of the sygem dnce removd of captured sediments
becomes more complicated with the presence of water.
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Due to the above concerns, rather than attempting to retain dl runoff waters, a containment system should
provide sufficient volume for capturing suspended paticles while dlowing discharge to occur. This
provides the advantage of detaining incoming runoff to control the discharge of suspended particles while
not requiring large areas to dore runoff waters. Hooding problems from sequentid storm events are
reduced since contained waters will usudly be drained from the sysem between events. Findly, frequent
maintenance is fecilitated because the sediments do not remain saturated with weter.

If detention of runoff from congruction sStes is to be effective in removing suspended particles, contained
waters must remain long enough for depogtion of suspended particles within the sysem. Since outflow
from the sysem will occur, 100% reduction of dl incoming suspended particles will not be possible
However, high efficiencies can occur for sediment-containment systems developed for design-sized
particles. (Fifield, 1995 and 1996.)

Sediment-containment  syssems may be characterized usng the following assumptions. Goldman (1986)
defined a gructure that treats runoff from 2.0 ha (5.0 ac) or less as a “sediment trgp.” When the contributing
area to the structure exceeds 2.0 ha, then a “sediment basn” is used. Both Sructures are “sediment-
containment systems’ that function on the principles discussed previoudy.

EPA has suggested that the design of any sediment-containment system be based upon capturing the volume
of runoff resulting from a 2-year, 24-hour storm event (US EPA 1992 and 1998). The problem with
conddering only the volume from a contributing area is that it does not take into account the sze of the
paticles generated by upsream eroding soils.  Table 1 provides suggested definitions for sediment-
containment systems.

Table- 1 - Defining Sediment-Containment Systems Using Particle Diameters (Fifield, 2001)

Sediment-Containment System Type Design Particle Size

Type- 1 Sediment-Containment System Desgn- Size Paticle < 0.045mm

Type- 2 Sediment-Containment System 0.045 mm < Design-Size Particle < 0.14 mm
Type- 3 Sediment-Containment System Dedgn-Size Paticle> 0.14 mm

Type- 1 Sediment-Containment Systems

A Type 1 sadiment-contanment sysem will require deveopment of a dructure to cgpture the maximum
possble number of medium sSit and smdler suspended particles Since paticles of this sze have low
stling velodities, large dorage volumes, long flow-path lengths, and controlled discharges are required.
Type-1 sysems are desgned to have the highest possble net efficiency and are best represented by the
traditional sediment basin and trap.



Type-2 Sediment-Containment Systems

The Type-2 sediment-contanment system will capture sugpended particles having higher settling veocities
than particles requiring Type-1l sructures. Consequently, smdler storage volumes and shorter flow-path
lengths can be used. As with a Type-1 sructure, these sediment control systems will adso have controlled
discharges While ther net effectiveness for the entrgpment of al suspended solids may be low, Type-2
sysems will dill have a high gpparent effectiveness.

Type-3 Sediment-Containment Systems

The least effective methods to control suspended particles in runoff waters are represented by Type-3
sediment-containment systems. These are not necessarily design dructures, but are often temporary BMPs
found on condruction Stes Examples include straw or hay bades and dglt-fence bariers, inlet control
sructures, and drainage ditch check structures.

Whenever dgnificant runoff occurs, dl Type-3 sysems have very low net and apparent effectiveness to
control suspended particles. However, when runoff quantity is low, the Type-3 sediment control systems
can be effective in reducing suspended particles as long as they are continuoudy maintained.

The Effectiveness and use of Sediment-Containment Systems

Documentation on the effectiveness of contanment sysems for trgpping suspended solids is limited, and
there are conflicting opinions on their actua effectiveness. However, if properly designed, constructed,
ingpected, and maintained, containment systems are effective in trapping some sediment.

This discusson will focus on sdected, manrmade non-dructurd Type-3 sediment-containment systems that
act as bariers or filters. Since ther effectiveness is minima for large runoff events, they do not require the
detaled designs needed for Type-l and Type-2 contanment sysems These devices must be carefully
inddled and in conjunction with Type-1 and Type-2 sysems to minimize downdream problems since their
usefulness is generdly limited to low volume flows from smdler gorm events. As such, these systems are
typicdly only used and ingtaled during the pre- and active-congtruction phases of a project.

A barrier is any dructure that obstructs or prevents the passage of water. If runoff cannot pass through a
barrier, then water will either be contained or flow over the structure. Consequently, smal sediment barriers
may function as a Type-3 system or as a method to reduce flow velocity. Commonly used man-made barrier
devices include slt fences continuous geotextile-wrapped berms, turbidity barriers, and geosynthetic St
dikes.

Appropnate places to use sediment control barriersinclude:
Along sections of asSite perimeter
Below disturbed areas subject to sheet and rill erosion
Below the toe of exposed and erodible dopes
Along the toe of stream and channel banks
Low flow swales and ditches
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Around areadrains or inlets located in asump
Turbidity barriers are used in low flow streams, tiddl areas or lakes

Inapproprl ate places to use sediment control barriersinclude:
Pardld to acontour when ingdled on ahillsde
In channels where concentrated flows occur, unless properly reinforced
Upstream or downstream of culverts where concentrated flows occur
In front of or around inlets where concentrated flows occur and sump conditions do not exist
In continuoudy flowing streams or ephemera channds

Other Type-3 devices desgned to provide filtration include geotextile catch basin insarts, geosynthetic
drainage and curb inlet filters, geotextile tubes, and geotextile filter bags. These materids dlow water to
flow through them while filtering or capturing sediment. Sdection of the correct geotextile or fiber
condstency will reduce the possbility of blinding or cogging of the device with excessve sediment. An
example of a Type | geotextile catch basin insert is shown in Figure 1.

Appropriate places to use geosynthetic filters would be in front of or around guiters and drain inlets where
sump conditions exist and areas of de-watering of detention/retention ponds or dredging of congtruction
and/or industrid spoails.

Inappropriste places to use geosynthetic filters would include in front of or aound inlets where
concentrated flows occur and sump conditions do not exist in channels where concentrated flows occur or in
continuoudy flowing streams or ephemerd channels.

Man-made geosynthetic Type-3 bariers and filters have numerous advantages over traditionad sediment
control practices derived from naturd materids. They are normdly essier to trangport, ingdl and maintan
versus sraw and hay baes or soil and rock sructures. Manufacturing and fabrication consstencies enable
performance of geosynthetic devices to be more predictable and generdly superior to natura materias. In
many cases these devices may be washed and reused which makes their usage highly cost effective versus
usng traditiona practices or nothing a dl. Thus the acceptance and usage of geosynthetic sediment- and
eroson-control devices has increased dramaticaly over the past few years (Theisen, 1991, Theisen and
Hunt, 2001).



Figure 1— Example of Type 1 Geotextile Catch Basin Insert -- Slltsack® by ACF Environmental

Figure 2 — Example of Silt Fence Containing Sediment -- Geotex® by SI Geosolutions



Post-Construction

Structurd BMP's are techniques that can be used to address flow quantity control and pollutant removd in
wet weather runoff. These BMPs can indude Ste-specific engineered desgns as well as proprietary
sysems. The chdlenge with any atempt to organize or classfy BMPs by type or function is that many fit
into multiple categories. However, in the interes of darity structurd BMPs can be grouped into severd
subcategories by function that includes the following.

Infiltration sysems

Detention systems

Retention systems

Vegetated systems

Filtration systems

Hydrodynamic separation systems

Infiltration Systems

Infiltration systems are designed primarily to reduce the quantity of storm water runoff from a particular
gte. Increasng urbanization and percentage of impervious surfaces has resulted in substantid increases of
surface runoff, causing serious degradation of urban streams and the corresponding negative impacts on
aguatic hedth BMPs for Phase Il The use of infiltration techniques can reduce the amount of surface flow
and direct the water back into the ground. Advantages of infiltration techniques include the recharging of
groundwater supplies and the remova of cetan pollutants such as sediments. Care must be exercised,
however, in determining whether infiltration is best for a specific application, especiadly when groundwater
is the source of drinking water in the area. Infiltration can result in groundwater contamination since soils
that dlow good infiltration aso dlow rapid migration of certan pollutants. In these dtudions, infiltration
should not be used without effective pretreatment. Conversaly, poorly permesble soils can prevent an
infiltration system from functioning.

Infiltration techniques can be divided into severd different classfications depending on dte needs
Regardless of the classfication a careful understanding of the soil type is necessary Since certain oils, such
as cdays, are poor infiltration types. If the soil type is gopropriate for infiltration then the next sep in the
evaduation is determining which method is most gppropriate. A dte with minimd land pace would be a
likey candidate for porous pavement, and sub-surface chamber systems that can Store water below
impervious surfaces and dlow for dow infiltration after the end of a wet-weather event. Conversdy, Stes
with auffident gpace should utilize infiltration basins, vegetative practices, congructed wetlands and open

space designs.
Detention Systems

These BMPs are designed to temporarily hold storm water runoff for gradua release into receiving waters.
Detention systems are used primarily to reduce pesk discharges to prevent flooding, stream bank erosion,
and channd dterations. Straght up Detention systems ae genedly not very effective for removing
pollutants unless combined with other BMPs. Many detention systems incorporate characteristics normally
utilized with retention ponds, such as permanent pools, to prevent subsequent scouring. Examples of

510



detention systems include detention basins, underground tanks, oversized pipes, and fabricated underground
high-density polyethylene piping systems such as Storm Compressor' ™.

Retention Systems

Retention systems are intended to capture and hold runoff from entering recelving waters. Because retention
systems are designed for permanent containment of storm water, they can dso be a good infiltration and or
filtration BMP with the right conditions, thus providing both water-quantity and water-quality control.
Retention systems can be in a variety of forms such as green roofs, but mogt retention systems are in the
form of ponds or basns, (dAso commonly referred to as wet or detention basins) and when certain types of
aquatic vegetation or aerators are added, the systems can actudly provide further water trestment (see figure
3 bdow). As with dl BMPs, regular maintenance is essentid to maintain a hedthy retention pond. Clay
dltation can result in a subdantid loss of infiltration, resulting in a sharp increese in overflow from the
basn during wet-wegther events. Without maintenance, retention ponds will eventudly fill in and become
ineffective. In addition, certain pollutants can become concentrated in the area, potentidly requiring
remediation.

Most storm water collection ponds are in fact combinations of retention and detention gpplications. While
these ponds are designed to hold most flows they are usudly equipped with some sort of overflow system to
prevent flooding over their banks. These overflow systems are ether reset in the middle or end of the ponds
or aspillway of rip-rap, other coarse materias or vegetated turf reinforcement mats. When the runoff into
the pond is from an impervious area with high vehicle traffic, post-trestment devicesin the riser can provide
initid management of floating oils and other toxins prior to discharge into the receiving waters.

Figure 3- Wet Pond (courtesy of Hydro Compliance Management, Inc.)
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Vegetative Systems
Constructed Wetland Systems

Congructed wetlands are a very effective BMP for both pollutant remova and runoff storage (see figure 4
below). When properly desgned, they incorporate the processes of sediment remova, microbid
decomposition, and aquatic plant uptake. Sites for constructed wetlands must be carefully sdlected to ensure
that sufficient waters are available in dry weather to sustain the wetlands. Areas with shalow groundwater
levels are ided. Heavy sediment loads can quickly degrade a congtructed wetland. Pretrestment of sediment
flows must be consdered if this is the case. Generdly, naturad wetlands should be preserved and not used as
a BMP because changing hydrology can sgnificantly degrade a naturd wetland.

Other wetland BMPs include wetland basins and channds. These BMPs do not necessarily require open
waters and can ingtead be in the form of wetland meadows that have surface water only for short periods of
time after precipitation events.

Figure 4 -Example of condructed wetland -- Tollgate Storm waer Trestment Facility
Langng, Michigan (courtesy of Patrick Lindemann, Ingham County Drain Commissoner, and designer of
the project)
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Bio-retention and other Vegetated Systems

Bio-retention and vegetated systems, such as buffers and swales, are varidions of infiltration and filtration
sysdems. The media in these systems are actudly naurad vegetation and soil beds that dlow ponding and
gradud infiltration. The vegetation and underlying soils can filter a variety of pollutants from runoff. In
addition, these systems can be used to reduce the quantity of flow. This category of BMP includes large bio-
retention systems, swales, ran gardens, grass filter drips, and even green roofs. The use of these "naturd”
sysems in dte development can dgnificantly cut down on surface runoff and reduce the need for other
more costly structurd BMPs (see figure 5 below).

Figure 5- Swale (courtesy of Hydro Compliance Management, Inc.)
Filtration Systems

Filtration sysems are BMPs that use media to remove paticulates from runoff. They are typicdly used
when circumdances limit the use of other types of BMPs, such as where space is limited—paticularly in a
highly urbanized sdting-or when it is necessaty to capture particular indudtrid or commercid pollutants
such as hydrocarbons or metals. In these circumstances, other BMPs might be cost-prohibitive or not as
effective. Filtration devices can adso work wel as pretreatment systems for other types of BMPs. For
example, infiltration systems that move water directly to ground aguifers might require pre-trestment for
certain contaminants to maintain effective well-head protection of drinking-water supplies.

Filtration systems can be ether designed into a sSte plan, such as sand filter systems, or be manufactured
technologies such as catchrbasin insarts or in-pipe systems (see figure 6 below for an example of a filtration
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device). Many different filtration media are available, such as sand, pesat, absorbents, and activated carbon.
The choice depends on the particular application.

When consdering filtration systems, planners need to consder flow rates As a result of the volume of
water being moved in a wet-weether flow, filters generdly need to focus on treating a leest the firsd quarter
inch of runoff and dlow bypass for high-flow events. Filters should incorporate pre-sdtling sediment
chambers to remove sediments that can clog the filters and reduce flow rates and effectiveness. An effective
filtration sysem should be able to demondrate remova efficiencies for specific contaminants. Again, as
with al BMPs, regular maintenance is essential.

Proprietary filtration devices are catchrbasn insarts or in-pipe designs that remove various pollutants.
Effective desgns should use nortleaching media, incorporate pre-filtration sediment remova chambers or
other measures to reduce plugging, and be accessble for regular maintenance. In addition, filtration devices
need to be desgned with overflow bypasses to prevent flooding caused by high flow rates or plugging of the
filters. A properly designed filtration system can be a useful device for urban hot-spot applications where a
particular pollutant is being targeted. It dso can be cod-effective where land use does not dlow other
economical BMP options. This is paticularly true with exising dtes in urban settings. Proprietary systems
can be effective pre-trestment or post-trestment devices for infiltration systems and other BMPs.
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Figure 6- Example of Catch-Basin Filtration Sysem — Hydro-Kleen™ Storm Water Filtration System
(courtesy of Hydro Compliance Management, Inc.)

Hydrodynamic Separator Systems

These sysems remove sediment, debris, and surface oils and grease through various hydrodynamic designs.
Effective separator sysems trgp and separate pollutants to prevent them from being reintroduced into
runoff, which can result from "scouring” or other actions prompted by the powerful energies crested from
heavy volumes of sorm water runoff. Effective sysems have protective zones for pollutant storage to
prevent re-sugpenson or washout of contaminants and Stabilize the flow regime to minimize turbulence
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Sysems with dabilized rotay flow regimes tend to have smdler footprints than conventiond gravity
Separators.

Functions of Storm Water Treatment Devices

SWTDs may be “proactive’ or “reactive’ in their approach or gpplication. Examples of proactive SWTDs
include eroson control practices, green roofs, vegetative filter drips, or ran bares. Reactive techniques
might employ sediment control practices, in-line trestment devices, sedimentation ponds, and
detention/retention systems.

Basic functions of SWTDs may be grouped into five mgjor categories. These are Sediment Containment,

Filtration, Separation, Infiltration, and Underground Detention. Again, it is beyond the scope of this paper to
decribe and cdassfy dl the BMPs tha may be used to fulfill these functions Various manufactured
SWTDs may be grouped by primary function as shown below.

Basic Functions of Storm Water Treatment Devices
Sediment Containment
Fltration
Separation
Infiltration
Underground Detention

It is beyond the scope of this paper to describe and classify any and adl BMPs or SWTDs that may be used
to fulfill these functions. This paper, however, does describe various man-made SWTDs may be grouped by
primary function as shown below.

Sediment-Containment Devices (SCDs)
- St Fences (SF)

Continuous Berms (CB)
Wattles (W)
Drain Inlet Barriers (DIB)
Channd Silt Dikes (CSD)
Turbidity Barriers (TB)
Geotextile Filter Bags (GFB)
Geotextile Tubes (GTT)

Filtration Devices (FDs)
Catch Basin Inserts (CBI)
Type 1 —Geotextile Filtration Systems (GFS)
Type || — Multi-Chamber Permanent Structures (MPS)
Curb Inlet Flters (CIF)
Type 1 — Exterior - Geotextile Filtration Systems (GFS)
Type Il — Interior - Multi-Chamber Interior Filtration Systems (MIF)
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Separ ation Devices (SDs)
Hydrodynamic Separation Devices (HSD)

Infiltration Devices (1Ds)
Infiltration Chamber Systems (ICS)

Detention Devices (DDs)
Underground Piping Systems (UPS)

Once the function required of a SWTD has been determined, it is then time to consider when and where it
should be employed. These two considerations are as important as te selection of the correct SWTD to be
used. Failure to properly ingal a SWTD in the correct location or sequence of a land-disurbing activity
may result in failure or compromised performance.

Once the gpplication or function and appropriate congruction phase of the required storm water treatments
have been determined, these parameters may be coupled to facilitate sdection of the most appropriate
SWTD. Table 2 presents a matrix that combines function with congtruction phases for identifying potentia
SWTDsfor sdection consderation.

Table 2 — Function and Typical Construction Phase(s) for Application of Manufactured Storm Water Treatment Devices

Function Congtruction Phase
Pre-Construction Active Construction Post-Construction
Sediment-Containment SF, CB,TB SF, CB, CBI, DIB, CIF, | CBI, CIF, HSD,
CSD, TB, GFB, GTT

Fltration CBI, CIF, GFB, GTT GFB, GTT, HSD
Separation HSD

Infiltration ICS

Detention UPS

Finaly, where to use a SWTD must be consdered. Again, it is beyond the scope of this paper to present
specific dte locations for the vast potentia variances of SWTD agpplications. Good discussons for
placement of severd of these maerids during active congruction may be found in publications by Ffidd as
wdl as in EPA publications Table 3 bdow presents a matrix coupling Ste location with the various
congruction phases. Combining Tables 2 and 3 may hdp end users to make informed decisons when
consdering SWTDs for various functions, congtruction phases and dte locations.
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Table3 — Site Location and Typical Phase(s) of Construction for Application of Manufactured Storm Water Treatment Devices

Site Location Congtruction Phase
Pre- Active Construction Post-Construction
Construction

Perimeter SF, CB SF, CB

Catch Basin Inlet, Curb CBI — Type 1 & Il, DIB, CIF, | CBI — Type Il, CIF,

Inlet HSD HSD,

Channd Csbh

Slopes SF, CB, W SF, CB, W

Waterway B GTT GTT

Sediment Basin/Trap GFB, GTT

Below Impervious ICS

Surfaces UPS

Conclusion

In order to insure that legulators, planners, engineers and contractors have a clear picture of what techniques
and measures can be utilized in the various congruction phases for proper BMP management, a solid
underganding of the options is essentid. By dassfying the various sediment controls and post-congtruction
BMPs into proper applications, sorm water professonds are far more likdy to develop efficient yet codt-
effective sorm water plans for specific projects. The result will be cleaner water and a more sdisfied
generd public. A thorough understanding of the Ingdlation, Inspection, Maintenance, and Enforcement
requirements will aso result in amore comprehensive and redistic cost analyss of the project.
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